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Outcome of Acute Renal Failure Following Surgical Repair of Ruptured
Abdominal Aortic Aneurysms
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Objectives: to establish the mortality of ARF following surgical repair of ruptured abdominal aortic aneurysms (AAAs)
and to identify clinical variables which might assist in predicting outcome.
Design, materials and methods: all cases of ARF complicating repair of ruptured AAAs treated at Leicester General
Hospital between 1984 and 1996 were identified in a retrospective study based on review of clinical records. The main
outcome measures were overall mortality, duration of hospital treatment and renal function in survivors.
Results: in 65 cases identified, overall hospital mortality was 75%. Six patients did not receive RRT, since their clinical
state was judged irreversible; all died. Of the 16 survivors, 11 were left with irreversible renal impairment and one patient
required maintenance dialysis. Over half of the survivors had died at 5 years’ follow-up. Non-survivors had more vascular
disease (p=0.048), required more surgery during AAA repair (p=0.042) and were more likely to have developed multiple
organ failure (p=0.01). A clinical severity score based on these three variables allowed stratification into prognostic
groups.
Conclusions: ARF following surgical repair of ruptured AAA has an overall hospital mortality of 75%. A clinical
severity score, calculated at the time dialysis was considered, may assist in prediction of outcome.
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Introduction relatively small numbers of cases in each study; in the
largest study to date, 70 cases were studied; however,
Abdominal aortic aneurysms (AAAs) occur in 3% of this included non-ruptured AAA repairs, thoracic an-
the population over the age of 50 years1,2 and this eurysms and cases of less-severe ARF (15% of patients
incidence is increasing.3 Emergency surgical repair of spontaneously recovered renal function without need-
a ruptured AAA has an overall mortality of 50%,4 and ing dialysis).11 A recent study has reviewed the out-
this has remained unchanged since the early 1980s.5 come of ARF after ruptured compared to elective AAA
Acute renal failure (ARF), independent of the pre- repair, but included only 21 patients with ruptured
cipitant, has a mortality in excess of 50%.6 Not un- AAA.10
expectedly, patients who develop ARF following Because of these disparities, it has also been im-
surgical repair of a ruptured AAA have a particularly possible to identify clinical parameters which might
poor outlook, often involving a protracted and ul- prove useful in predicting outcome. With intensive
timately unsuccessful stay on the intensive care unit care resources at a premium, stratification of patients
(ICU). into reliable prognostic groups would be of value in
Current literature is unclear, not only in the assess- clinical decision-making if overstretched ICU re-
ment of overall outcome, but also in the estimated sources are to be used appropriately and efficiently.
frequency of this condition. Reported mortality rates Identification of reliable poor prognostic indicators
vary from 38% to 87%,7–10 while ARF is said to com- early in the postoperative period could spare those
plicate between 20% and 46% of all ruptured AAA patients with a negligible chance of survival from
repairs.11,12 The principal reasons for these dis- unnecessary intervention, including renal replacement
crepancies are the varying definitions of ARF and the therapy (RRT).
We describe our experience of treating ARF com-
plicating ruptured AAA repair and identify a simple
∗ Please address all correspondence to: J. Barratt, Department of clinical severity score based on perioperative variablesNephrology, Leicester General Hospital, Gwendolen Road, Leicester
LE5 4PW, U.K. which in this retrospective study had some value in
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predicting outcome prior to the commencement of Results
RRT.
Pre-morbid characteristics
Sixty-five cases were identified over the 13-year period
of the study. The median age at presentation was 69
Patients and Methods (range 49–84) years. The principal pre-morbid char-
acteristics are summarised in Table 1. While only two
All cases of ARF complicating surgical repair of rup- patients had documented prior renal disease, 48% had
tured AAA treated at Leicester General Hospital be- an elevated serum creatinine at presentation. There
tween January 1984 and December 1996 were identified was, however, no relationship between the serum
from databases held both in the Department of Vas- creatinine on admission and either duration of RRT
cular Surgery and the ICU, and a retrospective case- or serum creatinine at 1 year in survivors. Sixty-two
note review was undertaken. Ruptured AAA was per cent of patients were known preoperatively to
defined by the presence of a retroperitoneal haem- have at least one other form of vascular disease. The
atoma or free blood in the peritoneal cavity at lap- presence of concomitant vascular disease (a vascular
arotomy. ARF was defined by a rise in serum creatinine disease score of 1 or greater) was the only pre-morbid
above 600 mol/l, or the institution of RRT for un- variable found to significantly influence survival (p=
controllable hyperkalaemia, acidosis or fluid overload. 0.048).
Patients with pre-existing dialysis-dependent end-
stage renal disease were excluded from the study. After
aneurysm repair all patients were initially managed on
Surgical parametersICU. RRT was with continuous veno-venous haemo-
filtration, which was replaced with intermittent
The majority of aneurysms repaired were infrarenal;haemodialysis once this was tolerated.
however, the urgent nature with which vascular con-Coexistent morbidity was evaluated according to
trol had to be achieved necessitated suprarenal aorticthe chronic disease criteria of the Acute Physiology
clamping in the majority of cases (Table 2). A medianand Chronic Health Evaluation (APACHE) II system.13
of 10 (range 4–30) units of blood was transfused inThe presence of additional vascular disease was de-
the immediate operative period, but the volume oftermined by a clinical history of ischaemic heart dis-
blood required did not predict survival. The onlyease, cerebrovascular disease or peripheral vascular
operative factor which did significantly influence mor-disease documented either from the patients’ relatives
tality was the need for additional surgical intervention,or previous hospital admissions. A vascular disease
mostly lower-limb revascularisation procedures, at thescore (0–3) was generated for each patient, and this
time of the repair (p=0.042). Additional surgical pro-reflected the extent of coexistent vascular disease (each
cedures included femoral embolectomy (17), aorto-relevant history scored+1). Hypertension was defined
femoral grafting with embolectomy (four), repair ofby the previous institution of hypotensive drug treat-
venous tears (two) and splenectomy with hemi-ment. Blood transfusion requirements were evaluated
colectomy (one).over the first 24 h following admission. Criteria for
failure of cardiovascular, pulmonary, neurological,
haematological, hepatic and gastrointestinal systems
have been described previously.14 Multiple organ fail- Acute renal failure and other postoperative complications
ure (MOF) was defined as at least three simultaneous
organ failures. Systemic infection was defined as the ARF occurred a median of 4 days postoperatively
(range 1–14 days). In two cases this was the only organpresence of recognised pathogens in normally sterile
body tissues, confirmed by results of microbiological failure to occur; both patients survived.
In six cases RRT was not instituted, as the conditioncultures and supported by clinical or radiological evi-
dence. of the patient was deemed irretrievable; all died. All
of these six patients had MOF. In three there wasRelationships between demographic data, clinical
variables and outcome were assessed by univariate profound hypotension resistant to inotropic support
and/or uncorrectable hypoxaemia. In the remaininganalysis using the Fisher’s exact test or Mann–Whitney
U-test as appropriate for non-parametric data and t- three there was an additional severe postoperative
complication: ischaemic bowel (one), blocked aortictest for normally distributed variables. p-Values less
than 0.05 were considered significant. graft (one), hypoxic cerebral injury (one).
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Table 1. Pre-morbid characteristics and their effect on hospital mortality. Values are numbers
(percentages) unless stated otherwise.
Number Mortality p-Value∗
of patients rate (%) for difference
between groups
Age (years)
40–49 1 (1.5) 100
50–59 2 (3) 0
60–69 35 (54) 74 NS†
70–79 25 (38.5) 80
80–89 2 (3) 100
Sex
Male 60 (92) 75 NA
Female 5 (8) 80
Chronic Health Evaluation
Score of 0 61 (94) 74 NA
Score of 1 4 (6) 100
Vascular disease score
0 25 (38) 60
1 29 (45) 80 0.048¶
2 9 (14) 100
3 2 (3) 100
Positive History for:
Hypertension 39 (60) 77 [73]‡ NS
Diabetes 2 (3) 50 [76]‡ NA
Prior renal disease 2 (3) 100 [75]‡ NA
Renal function on admission:
Creatinine >130 mol/l 31 (48) 71 NS
Creatinine Ζ130 mol/l 34 (52) 79
∗ Fisher’s exact test on proportion of non-survivors with a positive history for each factor.
† t-test (unpaired).
NA=not applicable.
¶ Comparison of mortality when there was a vascular disease score 1–3 compared to score of zero.
‡ Figure in parentheses is percentage mortality when this factor was absent.
Table 2. Major intraoperative and postoperative variables and their effect on hospital mortality.
Values are numbers (percentages) unless stated otherwise.
Number Mortality p-Value∗
of patients rate (%) for difference
between groups
Intraoperative factors
Position of aneurysm:
Infrarenal 56 (86) 78 NS
Suprarenal 9 (14) 75
Appearance of aneurysm:
Atherosclerotic 54 (83) 78 NS
Inflammatory 11 (17) 80
Site of cross-clamping:
Suprarenal 36 (55) 81 NS
Infrarenal 29 (45) 69
Type of graft used:
Tube 34 (52) 68 NS
Bifurcation 29 (45) 83
Axillobifemoral 2 (3) 100
Additional surgery required 24 (37) 92 [66]‡ 0.042
Postoperative factors
Reoperation 28 (43) 82 [70]‡ NS
Systemic infection 48 (74) 81 [59]‡ NS
Multiple organ failure 58 (89) 79 [43]‡ 0.01
∗ Fisher’s exact test on proportion of non-survivors with a positive history for each factor.
‡ Figure in parentheses is percentage mortality when this factor was absent.
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Table 3. Median (range; interquartile range) number of days spent receiving RRT, ICU support
and total hospital stay.
All patients Non-survivors Survivors
(n=65) (n=49) (n=16)
RRT 12 (0–46; 4–22) 11 (0–41; 3–18) 19 (1–46; 5–31)
ICU support 16 (1–70; 8–26) 6 (1–70; 8–20) 23 (3–69; 11–31)
Total hospital stay 21 (1–105; 13–41) 16 (1–105; 10–28) 49 (10–137; 26–67)
Postoperatively the development of MOF was the Predictors of outcome and the clinical severity score
only factor to significantly worsen outcome (Table 2).
Cardiovascular (89%), pulmonary (78%) and haemato- Following review of the medical records, a clinical
severity score was established. This score utilised datalogical (72%) failure occurred most frequently, and
were usually apparent within 24 hours. We could find available at the time dialysis was considered (Table 4)
and included the three perioperative variables iden-no temporal relationship between the development of
ARF, reoperation and the onset of MOF or systemic tified as predictive of survival: the vascular disease
score (0–3), the need for additional surgery duringinfection.
AAA repair (0–1) and the presence of MOF (0–1). This
allowed retrospective stratification of the patients into
prognostic groups (Table 5). The six patients who did
Hospital mortality and duration of in-patient treatment not receive RRT were excluded from this analysis.
Seventeen (29%) of the patients had a clinical severity
Forty-two of the 65 patients died on ICU, with the score >3 and none survived in spite of full ICU support,
cause of death in the overwhelming majority of cases including RRT. Sixty-six per cent of patients had a
recorded as unresponsive MOF and septicaemia. Of score of 1 or 2; this group had a 70% mortality. The
the 23 patients discharged from ICU, a further seven small minority with a score of zero (i.e. no overt pre-
(30%) died on the ward. In all of these cases the cause existing vascular disease, straightforward surgery and
of death was a sudden vascular event (cardiac arrest no organ failures other than ARF) all survived.
or stroke). This led to an overall hospital mortality Of the six patients who did not receive RRT as their
rate of 75%. condition was deemed irretrievable, four had a clinical
The 65 patients used a total of 1248 ITU days; 363 severity score [3. The other two had an additional
days were spent on survivors and 885 days on non- severe postoperative complication: ischaemic bowel in
survivors. Table 3 summarises the time spent treating one, cerebral hypoxic injury in one.
survivors and non-survivors. The only perioperative
variable to significantly lengthen hospital stay was the
development of systemic infection. This increased the
duration of RRT from 5 (range 1–21) to 30.5 (range
Discussion5–46) days (p=0.013), the time spent on ITU from 7
(range 3–31) to 29 (range 16–69) days (p=0.002) and
ARF complicating repair of ruptured AAA is a rel-total hospital stay from 24 (range 10–51) to 65 (range
atively uncommon condition. In this large centre we44–137) days (p=0.008).
have only identified an average of five cases a year in a
13-year retrospective study. This is the largest reported
series of this devastating illness and shows that 75%
of patients who develop ARF following ruptured AAALong-term follow-up in survivors
repair die in hospital and over half of the survivors
are dead at 5 years. Unfortunately, the past decadeFifteen of the 16 survivors had regained independent
renal function prior to discharge, although 11 of these has seen little improvement in the mortality from
either ruptured AAA5 or ARF.6 However, as a resulthad significant renal impairment necessitating con-
tinued review in a nephrology outpatient clinic. At 5 of advancing ICU expertise, these patients may now
be supported for much longer; many of our patientsyears over half (56%) of the survivors had died. Where
the cause of death could be verified (67%), death was occupied ICU beds for weeks, including non-survivors.
This has important resource implications when ICUattributable to vascular disease (myocardial infarction,
stroke or heart failure) in 80% of cases. facilities remain at such a premium. Evidence-based
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Table 4. Calculation of the Clinical Severity Score (0–5). The score is calculated at the time RRT was
being considered.
A Pre-existing Vascular Disease (0–3)
History of angina, myocardial infarction, heart failure, coronary artery revascularisation Score 1
History of transient cerebral ischaemic attacks, stroke or carotid endarterectomy Score 1
History of claudication or peripheral revascularisation Score 1
B Additional Surgical Procedure (0–1)
Additional surgical procedure (usually revascularisation) at the time of AAA repair Score 1
C Multiple Organ Failure (0–1)
At least 2 other organ failures present in addition to ARF Score 1
Clinical Severity Score=A+B+C
Table 5. Patient outcome according to the calculated Clinical were readily assessed at the time RRT was considered.
Severity Score. Values are numbers (percentages) unless stated Consistent with previous studies, the development ofotherwise.
MOF resulted in a significantly worse survival. The
Severity Number of patients Mortality rate (%) vascular disease score and additional operative inter-Score
vention have not previously been shown to affect
0 3 (5) 0 outcome, but are presumably acting as surrogates for
1 15 (25) 62 co-morbidity, extent of atheromatous aortic disease
2 24 (41) 74 and the technical difficulty of aneurysm repair. Ac-
3–5 17 (29) 100 cepting that these variables are rather crude, their
advantage is that they can be easily assessed and are
readily available at the time RRT is being considered.
stratification of ICU candidates is essential if these Six patients were not considerd for RRT, since their
facilities are to be allocated appropriately. The decision clinical state was thought irretrievable; all died, and
to commence RRT is often pivotal in the management were excluded from subsequent analysis of these out-
of the critically ill patient, since without treatment come factors. Twenty-nine per cent of the patients had
advanced renal failure is uniformly fatal. Therefore a clinical severity score >3 and none survived in spite
the choice not to offer RRT will usually signify the of full ICU support, including RRT. Sixty-six per cent
withdrawal of ICU support. Before embarking upon of patients had a score of 1 or 2, with a 70% mortality.
RRT it is therefore preferable to have accurate in- The small minority with a score of zero (i.e. no overt
formation regarding not only the chance of survival, pre-existing vascular disease, straightforward surgery
but also on perioperative factors that could be used and no organ failures other than ARF) all survived.
to predict outcome. All scoring systems are limited with regard to their
Numerous studies have attempted to identify such predictive capacity23,24 and this clinical severity score
variables, both following ruptured AAA repair in- may be no different. We recognise the limitations of a
dependent of ARF15,16 and when ARF complicates AAA scoring system devised following review of the med-
repair independent of the nature of the repair.11,17–22 ical records. Nevertheless, in this retrospective study
The development of postoperative MOF has consist- the score appeared to allow robust identification of
ently been shown to adversely affect survival,11,15,17 those patients with ARF following repair of ruptured
while the predictive value of age (over 65 years)11 AAA who have no prospect of survival, and could
volume of blood transfused16 and reoperation rate17 therefore allow triage at the point when RRT might
are more contentious. Other studies have failed to find be instituted, to protect the patient, their family and
any significant perioperative variable that dis- carers from futile prolongation of care. Any pro-
criminates between survivors and non-survivors.18,19 spective study of outcome of ruptured AAA repair
Comparisons across studies are hampered by the could consider whether such simple clinical as-
varied definitions of ARF used, the small number of sessments are of practical value in guiding the cur-
patients studied, especially in the earlier reports, and tailment of active supportive therapy.
the heterogeneous nature of the patient population (a
mixture of elective, urgent and ruptured AAA repairs).
In this study we have restricted the analysis to patients
presenting as an emergency with ruptured AAA re-
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